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NBIL PROJECT ~295 
ABSTRACT 

Six rozzles ani two orifices were calibrated 2 pairs, acs <2 4 
pair with water (240 F, 2200 psia) ut the indet ani the cther with 
stean (1050 F, 2000 rsia)} at the outlet of a cperesing ociler. 
Pipe Reynolds muwbers averaged 600,000 for the water and 4,000,000 
for the stesm. Coefficients were gecerally in agrecment with ASE. 

Tyre 430 stainless steel proved a better meterial of camstructicn 
for the steam conditims then 2-1/4% chrome-molybdemm steel. The 
iatter material shcwed ccrsiderable rusting and pitting after less 
than 10 hours of operation. 
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SUMMARY PACE 


To octain weighed weter calibrations of nozsles and orifices ab 
pressures and teeperatures elove thcse row vernfied. 
Find 

Coefficients for an 0.58 bets steam nczzle were found to be about 
cue vercent higher and fcr an 0.73 beta nozzle about 1.5 percent 
higher, than coeffictexts from current ASE publicatims. Coefficiexts 
for an 0.65 beta steam orifice were also higher by about ae percent. 
Coefficients for two water nogzles were in good agreczent, withir plus 
and minus cne percert, of the ASME. Those for © water srifice were 
about 1/2 percent lower. 
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ADEINISTRATION INFORMATION 

Referexces : 

(a) ASME ltr to Director HOTL of 23 ict 3057 

(>) HBTL ltr Code 760/419 to ASME of 7 Nov 1957 

{c) ASE ltr to Director NETL of 24 Jul 1959 

By reference (4), the Research Committee ci Fluid Meters of the 
ASME requested the Nava? Boiler and Turbine Latoratory to proviie 
facilities for Measuring high aressure stean flcw, The Laboratary 
sgreed to undertake te work as Gescribed it raference (b), Pro. 
Liminery furds ang authority to proceed With the work were contained 
in reference (c). Subsequently, funds in the anumt of $39,305.00 
wesc forwarded ts NBIL by the ARE to corer isin COSt C2 suc Oraject, 


“4 


NBTL PROJECT 1-295 
“I jC=ION 

In devernining steam generator efficiency, eliie> the feel water 
inflcos or the steam outflow is measured. High pressute, high ten 
pereture water cr stean flow mist ce measured with maximm ascuracy 
and when hoth are measured similteneousiy, the two quantities do nob 
always egree, thus raising a question as to which is correct. There 
is aiso uncertainty as te values cf physical preperties of sivan anid 
water higner than the verified limits. 

Sudcommittee muier sever: of the ASME Research Comittee om Fluiz 
Mevers requested the Naval Boiler ard Turbine Laboratory to conduct 
tests on nozzles ani orifices overating with high pressure anid hign 
temperature steam and gater. 

DESCRIPTION 

The Labcratory's 1050 F, 206 psia pdoliler was used for th. Leases. 

The eater rogeles aS orifsce were instaiied in the feed water Line 
upstrean of the econmnizer inlet of the boiler. ‘The steam -cecles ai 
ozific2 were instaicei in the superheater octlet lice of the Baier, Flow 
suraighteners were installed unstream of toth tes” <eeticcs. 

The Beiiey Meter Company supplied the flicw sectiass, flew straighve-ers, 
nozzles and ome orifice to be used in the test operation. Six Iocg radius 
rozzles acd two orifice plates were calibrated. Primary eleme-t informe 
tice is given in Table i. The orifice made by NBIL, which was of che same 
cvestrustion as the ame mede by Bailey Meter Company, is show: in Figure 1. 
Saic- “s origiral steam orifice was made of chram-moiybdexzm stzzl. 
Subsequect testing with nozzles showed tias this material wes ucsabisfactcr, 
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NBTL PROJECT 1~295 
for the steam service and as a comsequence NBTL meade an additionsl 
orifice of type 430 staizless steel. 

The test sections are described in Bailey Meter Comany drawings 
D394430A and D3%,431A, showing respectively the feed water and the steam 
flow pipe assemblies. 

TEST ABBANGEMENT 

The system flow diagram is shower in Figure 2. Two weighirg 
systems were used tc weigh the water. Thus shile one system wes 
supplying the weighed water to the feed water heater, the other was 
being filled. The feed water heater used low pressure superheated stean 
to heat the wster from ambient temperature to approximately 240 F. The 
amount of steam introduced was devermsuiicn oy acct vault WEL wu 80 
the weighed flow. Feed water pumps then boosted the ; cessure to tha’ 
required by the boiler. The water passed througn the wates f1:7 ..-.. ~. 
into the boiler. Tke superheated steam leaving the boiler passed througi 
the steam flow section, thence to a conderser. 
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Table 1 
Primary Elenext Inforratio: 


Nozzle 129857 0 394 steimless steal 
Nozzle | 129861 2 5 2% chrore noly 
steel 


Nozzle 129855 21195 19) 304 staimiess stec? 
Nozzle | 129362 0735 é 2 chrane 
steel 


Nozzle 229857 2.372 G 304 staimless steel 
Nozzle 152243 2 19) 459 stainless steel 


Orifice! 12¢859 1 0.4 304, stainless steel 
Orifice] BTL 2.44 s 430 stainless steel 


Nozzie 129858 : tae "2 tle ces Ebevl 
Nozzle 133184, 230 stainless steel 
Nozzle | 1331% 
Rozzle 133184 


TOu 
AG1 instrumes3 readings were syrcrocized by meats of elsctricat 
time signals at three nimute intervals. 
Temperature 
All temperatures were measured by means of calibrated iron 
constantan nermocouples, Cold jumetions wore maintained at 32 Fr, 
Temperacures or millivolts were recorded or indicated on calibrei<d 
posentioneters,. 
Epessuze 
Watsr and steam pressures were ixdicated om 12 inch laborsiary tyre 
gages. Iv: addition, the steam pressure at the primary elenen’ was 
neasured with < dead weight gase. Al] instrmrents sere cahihrsts? 
tefore test. 
pits biel P 
Each vrimery elenent hac two separate sets of pressure taps. “cre 
possible, more tam ome manometer was used for each aiifers-tial pres- 
sure measurenme=t. Stearn differertials were indicatei oc two 220 inch, 
wy" tibe mimonsters. Ar Exactel maccmeter with disital readout to 0.002 


inches was installed om the wuter Mice scxctian, Ie additia:, ac inclined 


manometer and two upright well type r-mometers were used wer macessary. 
The inlicatins fluid was mercury under water in al mroneters. 
pest 4 

Date taking was not started wtil boiler variables hai becae 
reasce-ably s*eble, oa wers recotdsi om feed wator heater level ai 


disr drm level. Generally, run time was selected so that these sevels 


XNOTL PROJECE 7-295 
were the same at the end of tie rm as ai the start. Every effort wes 
made to hold other variables as constaxt as possible. 

- Sime it ses not possible to comletely eliminate ieakeze, the 
- actual leakage rates were determine at least teice during each mm 
by collecting the water and weishi-z. Only in this way could the 
quantities of fluid extering each measuring section be eccurately de- 
termined. For this reasm ike actual flow rates of water anc stesn 
: will ve sligntly different. 
The first steam nozzles were 2}4 chrowe aolybdemm steel. After 
about 20 hours of operation, examination of the sozzle reveled rast- 


; ing ané pitting. As a consequence, tzo new 20zzJes were nade of type 
430 steinless steel. ‘These iatter nozzles did not mst cr 01% ani 

: epparentiy are better suited for opereticm at temperatures around 1050 F. 
The water orifice was supplied by the Bailey Meter Gazi: - - - 

Se i sven orifice by the Naval Boiler ard Turbine ieboratory. The lette> 
orifice was nade of type 430 stainless steel, The orsssure taps in 
both flow sections conformed to ASME requirenents for vena cartracte taps 
a for square-edgea orifices on the downstrean, bui not “he upstream section. 
- . The water nozzle calitratiais are stom: ic Fiawe 3. Tacelien 

i azgreenent with ASE coefficients was obtained, 

Figure 4 shows the results of the steam nozzle calibratims. In 

a general the test poiris of the 0.*° beta nozzle rm me percent higher 
then predicted by ASME. The larger nozzle, 0.73 beta, gave coefficients 
about 1.5% higher than ASME, However, a water calibratim at a lower 
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Reynolds nurker seesed to cheek ort the stcen poists. 
Tee orifice calisretion is show in Figuwe 5. The weter cocfhisiearts 
ra about ove half vercect lower than. ASE. The stean peinis aboxt 


ome percext hicher than ASE, 


i 


Comlste test deta are given in Teble 2. 

Tes ASE Research Committee om Fhtid Meters is cCurmetly optainine 
deta cron a meer of related prosracs acé the data cantaims? herein 
must be correiated with isut obtained from those cher prograss. Cor 
sequextly, =o attempt has been made to interpret the test resuzis. This 
repors is a presemtatian of data together with methois used in obtaining 
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© Mossle No. 129661, d@ = 2.1862", B = 0.5819 
@ Moszle Mo. 132243, d = 2.2867", B = 0.5820 
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